ABSTRACT. The aim of this study was to investigate the expression of PTEN and PIK3CA in the pemetrexed-resistant human pancreatic cancer cell line Patu8988, and to evaluate their effects on the biological behavior of pancreatic cancer cells. PTEN and PIK3CA gene and protein expressions were detected by reverse transcriptase polymerase chain reaction (RT-PCR) and western blot, respectively, in a pemetrexed-resistant pancreatic cancer cell line and in the parent strain of the pancreatic cancer cells. The discrepancies between the two types of cell lines were detected by a transwell test. RT-PCR and western blot analyses revealed that PTEN and PIK3CA were overexpressed in the pemetrexed-resistant pancreatic cancer cell line. PTEN and PIK3CA were shown to be upregulated by 89 and 76% (western blot), respectively, in the pemetrexed-resistant cell line, compared to the normal pancreatic cancer cell line. The migratory and invasive abilities of the pemetrexed-resistant pancreatic cancer cell were significantly reduced compared to those of the parent strain (P < 0.05; transwell assay). Both PTEN and PIK3CA expression was abnormally enhanced in the pemetrexed-resistant cell line Patu8988; the co-existence of high levels of PTEN and PIK3CA in the pemetrexed-resistant pancreatic cancer line cells induced a significant decrease in their migratory and invasive capacities. This suggested that the mechanism of pemetrexed resistant may be affected by PTEN and PIK3CA, and that these may alter the biological behavior of cancer cells.
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INTRODUCTION
Pancreatic cancer, a common alimentary malignant tumor, is the fourth leading cause of cancer mortality, with an increase in incidence rate over the years (Jemal et al., 2009) . Acquired drug resistance is the major cause of chemotherapy failure in pancreatic cancer patients, similar to most other types of cancer. Pemetrexed is a multi-target anti-folate that functions as an anti-cancer agent by hampering the synthesis of purine and pyrimidine via the inhibition of various metabolic enzymes. Recent studies have identified the use of pemetrexed as a standard second-line chemotherapy regimen for patients with gemcitabine-refractory advanced pancreatic cancer, as it can significantly prolong patient survival and improve disease prognosis (Boeck et al., 2007) .
Phosphatase and tensin homolog deleted on chromosome 10 (PTEN), also as well as mutated in multiple advanced cancer1 (MMAC1) and telomerase protein component 1 (TEP1), is one among the first tumor-suppressor genes to be identified and characterized. It is a dual-specificity phosphatase that dephosphorylates phosphatidylinositol-3,4,5-trisphosphate to phosphatidylinositol-4,5-bisphosphate; therefore, it is a potent antagonist of the phosphoinositide-3-kinase (PI3K)/ATP-dependent tyrosine kinase (Akt) signaling transduction pathway. Mutations or deletions of PTEN activate the Akt pathway, leading to cancerization of the cell (Downes et al., 2007) . Mutations and amplifications of PIK3CA, which enhances the phosphoinositide-3-kinase catalytic α subunit, also lead to the activation of the PI3K/Akt pathway.
However, so far, very few studies have focused on the expression of PTEN and PIK3CA in drug-resistant pancreatic cell lines, as well as their effect on the migratory and invasive abilities of pancreatic cells. The aim of this study is to determine the levels of expression of PTEN and PIK3CA in a pemetrexed-resistant human pancreatic cancer cell line and to gain some insight into the underlying drug resistance mechanism in pancreatic cancer.
MATERIAL AND METHODS

Cell line and culture conditions
The pemetrexed-resistant human pancreatic cancer cell line Patu8988 was provided by Dr. Yan (Yan et al., 2009) 
Cell culture
The cells were divided into four groups: parent strain of the pancreatic cancer cell line Patu8988 (-), cells induced once with pemetrexed (+), cells induced twice with pemetrexed (++), and cells induced thrice with pemetrexed (+++). The half maximal inhibitory concentration of the cells induced with the drug for the third time was found to be 2.2 times greater than that of the parent strain (P < 0.05), which indicated the successful induction of drug-resistance; the cell line was therefore defined as a pemetrexed-resistant cell line (Yan et al., 2009 ). All cells were incubated in high glucose DMEM supplemented with 10% FBS at 37°C and a humidified atmosphere of 5% CO 2 in air. The culture solution was replaced on every alternate day; the cells were passaged after they grew to form a confluent layer; this layer was disrupted by trypsin (2.5g/L) digestion.
Reverse transcriptase-polymerase chain reaction (RT-PCR)
Total RNA was isolated using the TRIzol reagent, according to the manufacturer instructions. The reverse transcriptase reaction was performed in a total volume of 20 µL. The RT reaction conditions were set as follows: incubation at 42°C for 30 min, heating at 99°C for 5 min, cooling at 5°C for 5 min, centrifuging approximately when the speed reaches the 6000-7000 rpm stop. The RT reaction product was subjected to immediate amplification, or stored at -20°C. The Primer premier (v.5.0, Premier, Canada) software was used to design the primer, and the primer specificity was verified by Basic Local Alignment Search Tool (BLAST) searching. The following conditions were applied for PCR amplification of the PTEN gene: pre-denaturation at 94°C for 2 min, 28 cycles of denaturation at 94°C for 30 s, renaturation at 61.8°C for 30 s, extension at 72°C for 1 min, and a final extension at 72°C for 7 min, before termination of the reaction at 4°C. Five microliters of the PCR products was subjected to routine electrophoresis in a 1.5% agarose gel (100 V, 40 min), in order to identify the amplified products. The primer sequences are summarized in Table 1 .
Western blot
Total protein was extracted from the cells and quantified. Cell lysates of the four groups of cells were prepared and separated by polyacylamide gel electrophoresis (PAGE); Table 1 . Primer sequences for reverse transcriptase polymerase chain reaction (RT-PCR).
Gene
Direction Primer (5'3') Length of the product (bp)
the separated proteins were transferred onto a nitrocellulose membrane (Biyuntian, Nantong, China), which was incubated overnight at 4°C with the following primary antibodies: PTEN first antibody (1:1000 in TBST) and PIK3CA antibody (1:200 in TBST). The membrane was then incubated with the respective secondary AP-labeled IgG antibodies at 26°C for 60 min.
The membrane was stained and observed by ECL; the gray scale value was analyzed using the Quantity One software (BIO-RAD, USA).
Migration and invasion assays
Cell invasiveness was analyzed using a Matrigel-coated invasion chamber. The migratory and invasive capacities of the cells were determined by assaying cells treated at 37°C with a humidified atmosphere of 5% CO 2 in air for 6 and 24 h, respectively. These were then fixed, and dried, and observed under a microscope (and subsequently photographed).
The data were statistically analyzed using Graph-Pad Prism 5.0. Differences between the two groups were analyzed a two-tailed Student t-test; P values < 0.05 were considered significant. All data are reported as means ± standard deviation.
RESULTS
PTEN and PIK3CA expression evaluated by RT-PCR
The expression of PTEN and PIK3CA differed significantly among the four groups of cells: the expression of PTEN and PIK3CA in the parent strain (-), cells induced once with pemetrexed (+), cells induced twice with pemetrexed (++), and those induced thrice with pemetrexed (+++). That is, the expression of PTEN and PIK3CA was the highest in pemetrexedresistant pancreatic cancer cells (+++) and the lowest in the parent strain (-), as seen in Figure 1 .
PTEN and PIK3CA protein expression evaluated by western blot
The expression of PTEN and PIK3CA was higher in the cells of the drug-induced groups than in the normal pancreatic cancer cells, which reflected the results of the RT-PCR analysis. PTEN and PIK3CA expression was upregulated by 89 and 76%, respectively, in cells induced thrice with pemetrexed (+++) (Figure 2 ).
Migration and invasion assays
The results of the in vitro migration and invasion assays indicated an obvious decrease in the migratory and invasive capacities of the cells in the drug-induced groups (28.93 ± 3.01 and 37.73 ± 2.55, respectively), compared to that observed in the normal pancreatic cancer cells, (48.73 ± 4.89 and 54.87 ± 4.16, respectively; P < 0.05; Figure 3) . 
DISCUSSION
The development of drug resistance by cancer cells is the major cause of chemotherapy failure. However, this mechanism remains relatively unknown. Recent studies have discovered that in addition to affecting tumorigenesis and cell growth, the PI3K/Akt signal transduction pathway plays a role in the development of chemoresistance (Fresno Vara et al., 2004) . Previous studies have also shown that the use of chemotherapeutic agents in combination with small molecule inhibitors of the kinases involved in this pathway, such as Wortmannin and LY294002, can augment the sensitivity of cancer cells to anti-cancer drugs (Kim et al., 2007; Li et al., 2008; LoPiccolo et al., 2008) ; this suggests that the PI3K/Akt pathway may be involved in the mechanism underlying chemoresistance. Mutations in or a deletion of PTEN, a negative regulator of the PI3K/Akt pathway, can enhance the PI3K/Akt pathway, causing drug resistance. In this study, the expression of PTEN was higher in the pemetrexedresistant pancreatic cancer cell line Patu8988 than in the parent strain, which suggested the existence of mechanism that blankets the PTEN activity or enhances the activity of PI3K-via an as-yet-unclear pathway, thereby maintaining a normal expression of PTEN. This could via the following potential mechanisms: 1) Decrease in PTEN recruitment on the cell membrane: PTEN functions by binding with PI (3, 4, 5) P3, after de-phosphorylation on the cell membrane. Therefore, impairment of PTEN activity would decrease its capacity to bind with PI (3, 4, 5) P3, resulting in the inhibition of its activity; 2) The existence of a potential factor that suppress PTEN activity. DJ-1 was first reported as a potential suppressor of PTEN by Kim et al. (2005) subsequent studies have shown that PTEN could also be negatively regulated by other factors. 3) Mutations in the PTEN gene: PTEN is generally expressed in normal amounts or over-expressed; changes in the amino acid structure resulting from mutations in the PTEN gene could lead to its complete deactivation; 4) Compensated expression: hyperexpression of the downstream factors of PTEN, such as PIK3CA and Akt, would result in the overexpression of PTEN.
A high frequency of mutations in the PIK3CA gene, which encodes the catalytic subunit pll0α of I A PI3K, has been observed in many types of human malignant tumors (Samuels et al., 2004) . In addition, this gene is amplified and overexpressed in different types of cancers. Therefore, PIK3CA has been the subject of intensive research over the past few years. In this study, the drug-resistant pancreatic cancer cell line showed higher PIK3CA expression than that in the parent strain, which corresponded with the development of C-DDP resistance in hypo-PIK3CA-expressed ovarian cancer cells (Lee et al., 2005) . Therefore, PIK3CA was believed to be involved in the development of drug-resistance in pancreatic cancer cells.
It has been generally accepted that PTEN and PIK3CA cannot be expressed abnormally in the same tumor, which suggests that the presence of two pathways for regulation of carcinogenic genetics: the activation of PTEN and the activation of PIK3CA. Moreover, this also suggests the lack of any crosstalk between these two gene regulation pathways. However, PTEN and PIK3CA are both shown to be hypo-expressed in a drug-resistant pancreatic cancer cell line in this study, which indicated a collaborative effect of PTEN and PIK3CA overexpression on drug-resistance induced by the PI3K/Akt pathway in pancreatic cancer.
The mechanism of invasion and extension in malignant tumor is affected by cell heredity, surface structure, invasive power, and adhesive ability, among others. In this study, the invasive and migratory powers of a pemetrexed-resistant pancreatic cancer cell line that showed simultaneous hypoexpression of both PTEN and PIK3CA were significantly weakened compared to those of the parent strain (P < 0.05). This could be attributed any of the following mechanisms: 1) PTEN is a tumor-suppressor gene that can de-phosphorylate lipoids: Under normal circumstances, PTEN hampers PI3K and functions as a negative regulator of Akt activity, which helps maintain normal Akt activity. PTEN protein may also impair the transcription power of nuclear factor κB (NF-κB) by down-regulating the activity of PI3K/Akt, and positively regulating the invasive and migratory powers of the cells by decreasing-matrix metalloproteinase expression; 2) the integrin-induced aggregation and adhesion process is affected by PTEN-induced de-phosphorylation of focal adhesion kinase, which in turn inhibits the infiltration and metastasis of tumor cells (Osaki et al., 2004) ; 3) A comparison of the drug-resistant pancreatic cells with the parent strain revealed that induction of drug resistance may impair the motor capacity of pancreatic cells.
In this study, we observed the abnormal expression of PTEN and PIK3CA in a pemetrexed-resistant pancreatic cancer cell line. They may have a concomitant effect on the resistance of the pancreatic cancer cells to pemetrexed, which suggested that the PI3K/ Akt signal transduction pathway may play a role in the development of drug resistance in pancreatic cancer cells. The effect of these two genes on the response to chemotherapy must be ascertained by further studies, using methods such as siRNA silencing, and plasmid transfection. We also demonstrated that the co-existence of high levels of PTEN and PIK3CA induced a significant decrease in the migratory and invasive capacities of pemetrexed-resistant pancreatic cancer cells. The role of the PI3K/Akt pathway in acquired drug-resistance must be elucidated and specific inhibitors of this pathway must be explored to develop methods to successfully address pancreatic cancer drug-resistance in the future.
